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(54) PICTURE INPUT OUTPUT DEVICE 

(57)Abstract: 

PURPOSE: To reduce the effect of uneven density at a 
low frequency caused by a mechanical signal by 
providing an output of a tone patch stored in a test 
pattern memory with a picture output means and 
generating a gradation correction curve based on a 
picture signal of the test pattern obtained through the 
read by a picture entry means. 

CONSTITUTION: A single tone patch with consecutive 
gradation is used for a test pattern(TP) and stored in a 
test pattern memory 526. When the calibration mode is 
set, the TP is read from the memory 526 and printed out 
onto a white paper sheet via a laser write section 53. 
When the paper is set on an original platen and a start 
key is depressed, a picture read section 51 scans the 
TP for each line and a picture processing section 52 
applies LOG transformation to the scanned data and the 
result is fed to a CPU 523. The CPU 523 averages plural 
lines of sampling data for each picture element, 
smoothes and obtains its inverse function and stores the 
result in a gradation correction LUT 522 as a gradation correction curve. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
daneges caused by the use of this translation. 

1 . This document has been translated by connputer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The picture I/O device characterized by providing the following. A picture input means 
to read a manuscript and to acquire a picture signal. A gradation amendment means to carry out 
gradation amendment of the aforementioned picture signal by the gradation amendment curve, 
and to output the signal after amendment A picture output means to form a picture based on 
the signal after the aforementioned amendment. A gradation amendment curve creation means 
create the aforementioned gradation amendment curve based on the picture signal of the test 
pattern memory which has memorized the tone patch which has the gradation with which it 
continues for [ used as the foundation of creation of the aforementioned gradation amendment 
curve ] a test, and the test pattern which outputs the aforementioned tone patch memorized by 
this test pattern memory at the aforementioned picture output means, reads this at the 
aforementioned picture input means, and is obtained. 

[Claim 2] A gradation amendment curve creation means is a picture I/O device according to 
claim 1 characterized by asking by carrying out data smoothing of the picture signal for 1 pixel of 
the aforementioned test pattern including them with reference to the picture signal of other 
pixels which adjoin the 1 pixel, acquiring a gradation characteristic curve according to the picture 
signal about each pixel obtained by making it such, transforming the gradation characteristic 
curve inversely and obtaining the aforementioned gradation amendment curve. 
[Claim 3] The picture I/O device according to claim 1 characterized by adding the registration 
mark used as the mark in the case of picture input process to the tone patch which has 
continuous gradation. 

[Claim 4] The tone patch which has a continuous tone is a picture I/O device according to claim 
1 characterized by carrying out the single form with the predetermined width of face extended in 
the direction perpendicular to the direction where an image recording medium is conveyed when 
outputted by the picture output means. 



[Translation done.] 
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♦ NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**3|c* shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to picture I/O devices, such as picture mput/output 
system which combined the printer which can express many gradation, such as 
electrophotography and a thermal ** ink jet, the computer, and the image scanner, and a digital 
copy machine, facsimile. 
[0002] 

[Description of the Prior Art] In order to perform gradation amendment in an above-mentioned 
picture I/O device proper, it is necessary to grasp the gradation property of an I/O device and 
to carry out amendment according to it. 

[0003] Drawing 7 is drawing showing the outline of a picture I/O device of having such a 
gradation amendment function. With this equipment, the test pattern (gradation pattern TSP) 
memorized by the test pattern memory 100 is first outputted from the picture output means 200, 
it reads with the picture input meanses 300 (image scanner etc.), the data corresponding to a 
gradation pattern are obtained, and a gradation property is grasped by this. 

[0004] Next, the gradation amendment curve (LUT) is created by asking for an amendment curve 
as an inverse function of a gradation property, and making the memory 700 within the gradation 
amendment means 800 memorize this by the inverse transformation processing means 600. The 
above procedure is shown by the arrow of a thick dotted line among drawing. Moreover, the flow 
of the actual picture input/output operation using the gradation amendment curve obtained by 
doing in this way is shown by the arrow of a thick solid line. 
[0005] 

[Problem(s) to be Solved by the Invention] The following matters became clear although this 
invention person performed various examination about the technology of above-mentioned 
gradation amendment consequently. 

[0006] (1) The present gradation pattern (test pattern) has the size (for example, beyond 1cm 
angle) of the grade as which it usually consists of a patch of about three to ten different 
gradation, and the size of each patch has considered change of a machine (patches 21-25 of 
drawing 8 (a)). 

[0007] Although the inside of one patch is recorded by the same record signal, concentration 
unevenness may produce it in a patch in machine change etc. So, in case the data of a patch are 
read, a certain value of one point (1 pixel) in a patch is not read, but the value in two or more 
pixels is read, and by taking those averages or medians, the device is made so that neither an 
error nor machine change may be gathered if possible. 

[0008] When (2) and a picture (for example, concentration change is steep to change of 
gradation level) output means (printer) by which it does not excel in time out of the gradation 
property are used, it is easy to produce the following problems. 

[0009] Drawing 8 (b) is the example of the gradation property for explaining the problem. Original 
gradation level and the concentration value measured by the picture I/O means on the vertical 
axis are taken along the horizontal axis. The number of gradation of a horizontal axis is set to 
256. The curve which connected smoothly the corresponding points at the time of measuring a 
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concentration value using five patches like drawing 8 (a) is an alternate long and short dash line 
31. There is no guarantee which represents the characteristic property of I/O of the sample 
point of equipment with about five samples, moreover, it does not pass to a forecast to the last 
between the point, and an exact property is not acquired. 

[0010] (3) As shown in drawing 9 , this invention person printed the patch of 256 gradation, read 
the printed-out test pattern (TSP) by the picture input means, using a LASER beam printer as a 
picture output means 200, and investigated detection concentration level there. The test pattern 
is cylindrically extended in the direction of vertical scanning (namely, direction perpendicular to 
the conveyance direction of the recording paper). 

[001 1] The result is the dotted line 32 of drawing 8 (b), and is carrying out the notched 
configuration in response to the influence of the concentration unevenness LN (shown in the 
left-hand side of drawing 9 ) of the low frequency produced in the direction of vertical scanning. 
The solid line 33 equalized this. 

[0012] The concentration unevenness LN of low frequency originates in the print concentration 
unevenness at the time of the picture output which originates in the step-movement of the 
machines for conveyance of the recording paper (gear etc.), the rotation unevenness of a photo 
conductor drum, etc., and is produced periodically a period quite longer than the size of a patch. 
Therefore, since an error is considerably included even if it creates a gradation amendment 
curve using the patch of 256 gradation, there is a problem in respect of precision. In addition, 
although there is RF concentration unevenness HN which originates in an electric noise and is 
produced, since each patch has a certain amount of width efface, by equalizing within each 
patch as mentioned above, a mask is carried out and it is thought that especially a problem is 
not produced. 

[0013] Moreover, in order to arrange 256 patches, for example, an A4 sizeful of a space is 
required, and it becomes a problem in incorporating other test patterns, this invention is made 
based on the above examination result, and the purpose mitigates the influence of the 
concentration unevenness of the low frequency inevitably produced by mechanical change called 
conveyance of a photo conductor drum and the recording paper, and the array space of a test 
pattern is also cut down, and it is in offering the picture I/O device which can perform more 
exact gradation amendment. 
[0014] 

[Means for Solving the Problem] The feature of the example of representation of this invention is 
as follows. 

(1) Stop constituting a test pattern by set of the patch with which each gradation became 
independent, and use the single tone patch of the continuous gradation. The continuous 
gradation does not have the boundary clearly made into each gradation, and means that 
concentration moves continuously. 

[0015] (2) And arrange a test pattern with a dip sufficiently smaller than the period of low 
frequency concentration unevenness in the direction (namely, main scanning direction) 
perpendicular to the conveyance direction of a record medium. 

(3) Moreover, in order to consider as the criteria of the reading station of a test pattern, add the 
registration mark to the test pattern. 

[0016] (4) Moreover, search for the 1-pixel picture signal of a test pattern by data smoothing 

including the picture signal of a contiguity pixel. 

[0017] 

[Function] (1) Since it is the pattern of a continuous tone, each gradation is compressed, print- 
out is possible, and a pattern can be miniaturized. 

[0018] (2) Since the width of face of the length of the pattern arranged in the direction of 
vertical scanning cannot be easily influenced of low frequency concentration unevenness since it 
is small enough compared with the period of a low frequency noise, and each gradation is lining 
up side-by-side in the same vertical-scanning position, the error by concentration unevenness is 
almost the same about every gradation. Therefore, there is no difference relative about each 
gradation, and the characteristic property of an I/O device can be grasped as a result. 
[0019] (3) Since the tone patch of a continuous tone does not have a break, if it remains as it is. 
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it cannot grasp where a picture input device begins the read of somewhere concentration, and 
finishes in the case of a picture input Then, a machine can perform read on the basis of the 
mark by attaching the mark which specifies a read field in main scanning direction and each 
direction of vertical scanning. 

[0020] (4) Although it is hard to be influenced of the concentration unevenness of low frequency, 
since each gradation is compressed minutely, in response to the influence of the electric RF 
concentration unevenness of main scanning direction, an error tends to produce the tone patch 
of a continuous tone. Then, the error by the concentration unevenness of a RF is mitigated by 
performing data smoothing in consideration of the contiguity pixel. 

[0021] Gradation amendment processing that precision is more high is realizable with these. 
[0022] 

[Example] Next, the example of this invention is explained with reference to a drawing. Drawing 1 
is drawing showing an example of the tone patch (test pattern) printed out by one example (here 
digital copier) of the picture I/O device of this invention. 

[0023] After the test pattern is memorized by the test pattern memory 100 and makes a digital 
copier calibration mode, it is formed in the record paper of the picture output means (image 
formation means using the modulation of a laser beam) 200. 

[0024] The feature of this test pattern TP is having the registration marks PG1, PG2, and PG3 
for considering as the criteria of a bird clapper and read from a single patch with the band-like 
continuous gradation extended to main scanning direction. 

[0025] Since it is the band-like patch which monopoly area (space) can be lessened since it is a 
single patch with the continuous gradation, and is extended to main scanning direction, it is hard 
to be influenced of the concentration unevenness LN of the low frequency produced in the 
conveyance direction (if it sees from optical system the direction of vertical scanning) of a photo 
conductor drum or the recording paper. 

[0026] However, since each gradation is compressed minutely, when it is a continuous tone, and 
this test pattern is read, a density curve is I (p) of drawing 4 (a). In response to the influence of 
the concentration unevenness HN of a RF, it becomes the configuration somewhat made 
notched like shortly. Then, it is information separator of drawing 4 (a) by carrying out data 
smoothing including the adjoining gradation of about three points, (p) A smooth read density 
curve [ like ] is acquired. And the inverse transformation is performed and a gradation 
amendment curve like drawing 4 (b) is obtained. 

[0027] A test pattern is not limited to the thing of the configuration of drawing 1 . but 
deformation like the pattern TP-2 grade which divided into some TP-1 (pattern which has been 
extended also in the direction of vertical scanning and enabled it to perform the equalization 
about the direction of vertical scanning) and this of drawing 3 is also possible for it 
[0028] Here, the composition of the digital copier concerning this example is explained. Drawing 
6 is an example of the outline internal configuration of the digital copier concerning this 
invention. Moreover, drawing 5 is the functional block diagram having shown the flow of a picture 
signal. 

[0029] In the upper part, this machine has the laser write-in section 53 and the image formation 
section in the manuscript read station 51 and the lower part, and has the image-processing 
section 52, a control section (GPU523), etc. at a background. A manuscript is read by the CCD 
sensor 511 which constitutes a manuscript read station, a digital picture signal is outputted, and 
the image-processing section 51 is supplied. Moreover, the laser write-in section 53 performs 
laser exposure on the photo conductor drum 46 of the image formation section according to the 
picture signal outputted from the image-processing section 52. The image formation section 
makes a toner picture develop on the photo conductor drum 46 by which laser exposure was 
carried out, and is imprinted on record media, such as paper. 

[0030] By pushing the start key on the control panel formed in the main part upper part, a 
halogen lamp carries out the exposure scan of the manuscript 40 located on manuscript base 
glass 41 first, the reflected light image passes along the reflective mirror, the movable mirror unit 
43, and lens 44 in carriage, and image formation is carried out to the light-receiving side of the 
CCD line sensor 511. 
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[0031] The CCD line sensor 511 reads the reflected light image which carried out image 
formation for every line in a predetermined pitch as image information of a manuscript, and 
changes this into an electrical signal. This electrical signal is supplied to A/D converter 512, and 
is changed into a 8-bit digital picture signal (it is only henceforth called a picture signal.). 
[0032] Next this picture signal is supplied to the image-processing section 52. As for a picture 
signal, signal transformation processing is performed by the LOG transform processing LUT 521 
and the gradation amendment LUT 522 here. These two LUTs are ROMs or RAM of 8 bits of I/O. 

[0033] The gradation amendment curve is memorized by the gradation amendment LUT 522, and 
this is created by calculation of CPU523 in the case of a calibration. The signal by which 
gradation amendment was carried out is supplied to the PDM circuit 531 of the laser write-in 
section 53. Here, a picture signal receives PDM and is changed into the ON/OFF signal of laser. 
Furthermore, this is supplied to the laser drive circuit 532, and carries out ON/OFF of the laser. 
[0034] On the other hand, the photo conductor drum 46 is rotating with a fixed angular velocity, 
and the electrification machine 47 is uniformly charged in photo conductor drum lifting. It is 
reflected by the polygon mirror 45 to rotate and the laser beam corresponding to the picture 
signal scans electrified photo conductor drum lifting. Thereby, the electrostatic latent image 
corresponding to a picture signal is formed. Next, by impressing development bias voltage to the 
development counter 48 which holds a toner, this electrostatic latent image is developed and a 
toner image is formed. 

[0035] After a development process is completed, voltage is impressed to an imprint pole and, 
thereby, the toner image of photo conductor drum lifting is imprinted by record media with which 
it is fed by the feed section, such as paper and an OHP sheet. Furthermore, after heat fixing of 
the toner image is carried out by the fixing assembly 50, paper is delivered to the record medium 
with which the toner image was imprinted. The picture I/O device of this invention can be 
applied, for example as such a digital copy machine. Although the image formation section uses 
the electrophotography method in this example, as long as this is also being able to form a 
gradation picture, it may be anything. 

[0036] Next, process until the image-processing section 52 of drawing 5 generates a gradation 
amendment curve and creates the gradation amendment LUT 522 is explained. First, it goes into 
calibration mode by button grabbing on a control panel etc. From a test pattern memory 526, the 
signal for test patterns is outputted. this is sent to the laser write-in section 53 and the image 
formation section, and the test pattern TP (the same thing as the thing of drawing 1 ) shown in 
drawing 2 is outputted on a blank paper. 

[0037] Next, if this is put on the position on a manuscript base and a start key is pushed, the line 
scan of a test pattern TP will be performed. A picture signal is outputted from the picture read 
station 51 by this, and the image-processing section 52 is supplied. The picture signal is supplied 
to CPU523, after LOG conversion is carried out. In addition, in drawing 3 , a line scan shall move 
downward from a top by movement of optical system, 

[0038] Since it corresponds to the natural complexion portion of a blank paper the start of a 
picture signal, although change of a signal does not take place, if light scanning becomes the 
position of alternate long and short dash line ** which crosses registration marks PG1 and PG2, 
a signal for one line like 65 and 66 will appear. At this time, CPU523 memorizes the standup 
position of two mountains on a signal (equivalent to RG1 and RG2). 

[0039] This grasps the lateral sampling range. After memorizing a position, it is confirmed by 
future line scans whether CPU has a mountain in left-hand side still more clearly than the 
standup of a left-hand side mountain. If a line scan puts in the position of alternate long and 
short dash line ** which crosses a registration mark RG3, a signal for one line like 70 and 71 will 
appear. 

[0040] CPU begins a sampling and memorizes the picture signal of a before [ from the standup of 
two previous mountains 65 and 66 / a standup ] to an image memory 524. Storage is performed 
over two or more lines. If a line scan passes through the position of alternate long and short 
dash line **, the left-hand side mountain 70 will disappear and a sampling will not be performed 
any longer. 
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[0041] It means that sampling data of two or more lines had been memorized by the image 
memory 524 in the process so far. Next, CPU523 equalizes the sampling data for two or more 
lines for every pixel, and generates the sampling data for one line. When length for sampling data 
of one line [a pixel] is set to L and P and the pixel [ n~th ] sampling data are set to D (n) for the 
number of gradation, pixel data I (p) in a certain gradation level p is I(p) =D (L*p/P). 
It becomes. Drawing 4 (a) expresses I (p) with a graph. 

[0042] The notch of the this time I (p) is carried out, and it smooths this. Is (pX then it are 
expressed with the following formulas in the value by which smoothing was carried out, for 
example. 

Is(p)=[ I(p-n)+I(p-(n-1 ))+...+I(p-1 )+I(p)+I(p+l )+ ..+I(p+(n-1 ))+I(p+n) ]/(2n+1 ) 
Here, it is n= 1 to about three. 

[0043] Next, it asks for inverse function [ of Is (p) ] C (i), and ( drawing 4 (b)). Since it is 
generally known well, how to ask for an inverse function is not explained especially here. It 
stores in the gradation amendment LUT (RAM) by considering inverse function C (i) for which it 
asked as a gradation amendment curve. 

[0044] Moreover, since information will be lost when a power supply is shut off, RAM also makes 
nonvolatile SRAM525 memorize a gradation amendment curve, and is transmitted to the 
gradation amendment LUT 522 from here at a power up. In addition, CPU523 performs all math 
processing in the above explanation. 
[0045] 

[Effect of the Invention] Since a gradation property curve more exact than before is obtained 
according to this invention as explained above, based on this, more exact gradation amendment 
processing is attained and, so, print-out faithful to a manuscript is attained. 



[Translation done.] 
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♦ NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing an example of the tone patch (test pattern) printed out by one 
example (here digital copier) of the picture I/O device of this invention. 

[Drawing 2] It is drawing for explaining process until the image-processing section 52 of drawing 
5 generates a gradation amendment curve and creates the gradation amendment LUT 522. 
[Drawing 3] It is drawing showing the modification of the test pattern (tone patch) concerning 
this invention. 

[Drawing 4] (a) is read density curve [ of a test pattern ] I (p), and the curve Is which smoothed 
this, (p) It is drawing showing an example and (b) is Is. (p) It is drawing showing the example of 
the gradation amendment curve transformed inversely and obtained. 

[Drawing 5] It is a block diagram for explaining the flow of the picture signal in the equipment of 
drawing 6 . 

[Drawing 6] It is drawing showing an example of the outline internal configuration of the digital 
copier concerning this invention. 

[Drawing 7] It is drawing for explaining the general procedure of the calibration in a picture I/O 
device, or actual image formation. 

[Drawing 8] it is drawing of the well explaining the conventional technology, and (a) shows the 
example of the conventional test pattern and (b) shows the characteristic curve which plots a 
read concentration value and is acquired 

[Drawing 9] It is drawing for explaining the trouble at the time of using the conventional test 
pattern. 

[Description of Notations] 
100 Test Pattern Memory 
200 Picture Output Means 

TP Test pattern with the continuous gradation (tone patch) 
PG1-PG3 Registration mark 



[Translation done.] 
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[0 0 12] '(6:il)!fecDj!iartffeLN(4. lE^^WJSi^cO 



(3) 
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[0013] 2 5 eiSw/^j/f^^SB^iJi-Sfc*}- 

?50^#$r^«L> ^/^<5'->-coSa?|J;^^- 
[00141 

(1) ^mm(DmiLV1ty<-y'f-(Dm^i^X'0r-:^h^<^ 

-v^«J5K-r5r t Sr^fe. iiicL-fcFgl^<o^-cD ^- 
[0 0 151 (2) ^LT. 'ffi:Jll&S*tfb<0)ll«J;'9 

lO 0 1 71 

[^ffll (1) »)^|5gil«/^i?-V-Cfc5fc:fe, «-i5gia 
10 0 181 (2) ite^:^i*j{:iga^ij$ixfc^-?i5'->'(0 

[00191 (3) aiggp^WW h-://N°s'^(4E^f9;6S 
?icv^fc«). ^«**T*t4. Bi^A;'30^, iii^A;'3§g» 
f± if r !6> e>ieS©^© <9 Sr*&* T if r T'iil^tJ 5 <D*^SrtE 



10 0 2 01 (4) {ajiliS©)g«tfb<^^WttSltlc< 

[0 0 2 1] ::ttfetcj;t9. J:f3««®Sl^|SfpMiE«i 
[0 0 2 21 

-Clii?^i-5o llli»4*|g5^<opi^AW;^jS{a<^-3l«E0iJ 

[0 0 2 3] h/^^-i^f*. x;^ h/^iS'-v^^y 

1 0 0(c|5tS$tvTt/N-C. xv'^/i-IS^^^r^-ir y 

[0 0 2 4] -(Dt^;^ h^^^ — i^T P<D#lt(4, 

;^ h U-v-g V-v-^' PG 1, PG2, PG3%t>or 

[0 0 2 5] i^^Uf;i|5gP5rt>o^-(D/^s/5^-Cfc5r 
C;^-?-;^) Sr'>;^i< ±* 

[ 0 0 2 6 MfiL, 'Mfmmxh t) . #l«fSHm/h(Cffi 

jgStfti^fi, «;^l(4\ [214 (a) (D I (p) CD J; 5 

(a) Wis (p) 5^<evt?3;i^!^i> ifeSiDjiaf*^^ 

ni>o tL-x. ^(omm^^n':>xm4 (b) cDip'i 

[0 0 2 7] 7^;^ b — vti. [211 (DJF^^^rotwtcpS 
^$4xT. I213CDTP-1 (sil*^;^[S]}C'b#t;«-CV^ 

^j'-^') ::tiSri/N<oA»ic^>f!iLfc/^^'->'TP- 
[0 0 2 8] r.r.-c\ :^mmmi^^^^7'>'^^^^'^'^<^ 



[00 2 9] ^ii±.m^m^mm *) as 5 1 . rm^i^ 

(CPUS 2 3) ^ti'Sr^i-^io I^^M^'O 
g|5Sr1i^1-'5CCDir>-f-5 1 1 {c J: (5 J^^SrK^Sf 

^i--5o U-if-#i2.^Sl5 5 3 (iH^^aas 5 2 

1 0 0 3 0 1 ^i^^^cmn hntcmi^^<^^^±i<^h^ 

mm-^:if9 :^ 4 1 ±tc{5i:fii-5J^«S 4 O SrS)fe*S 
5 1 lcr)S3tffi(-*S^$tU'5o 

[003 11 CCDy^l^t>-9-5 1 1 f±«S'^LfcKlt 

A/D^m^5 1 2{Ctt*&^tl.-C8 f5/ hcOT^v'^/KO 

[00 3 2] :i<DB^m#tiiiI^^agB 5 2 
j^SH'So ::rt:«m*ttLOG^m«iSLUT5 2 

1 . mmmiE LUT522tcj;«9 im-mm^s^mtm^ih 

?>„ r.CD2o<DLUTttAm;^8 If S/ h<DROM*fc»± 

[0 0 3 3] liglSffilEL U T 5 2 2 }i(±pgpMiE*-y 

PUS 2 3c^th^(CJ;i9ft5J5g;$ti5o PgPWiE Sttfdt 
^ttU— ff-»#5i^gB5 3<o/-?/w;^tB'Xii[Hlg&5 3 1 

ft. (DON/OF Fffi^tC^#l$ix5o 

rtvd^u— tf-iEKjiHisgs 3 2»c#ti^^tbT u— !f-Sr 
ON/OFF$-frSc 
[0 0 3 4] — ^^fls:K9A4 6tt— )ScD:^jiJ^-e 
tei-5'-Ky^v^7-4 5(cKlt$^^T> ^mufc^* 

8 (c m^^-<-C T ;^ m PPJp-t- ^ :i i i o -c coSI-m 

[0 0 3 5] muxmmTLtKDh. u^mii^iims. 

^ift95^cJ;^)^&ii$i^-C<S«^^OHPv^- N/iifcoEfi: 

i±^^§^50Kx<o hi— mmmm stitch ¥m 
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zfnimmmu^^^x^^(Dhxhtif£mx'h^ 

X 

[003 61 Bl 5 (Om^mm^ 5 2 PiDlffiiE 

*-:/Sr4^LTPg^1*nLUT5 2 2 4rf^fifei-5*T- 

— v^^y 5 2 GA^bit'r:^ h-'<^—>'^<Dit^ii^m:fJ 

mhfi. m2K7n-r'ry^ h^<^—>'TP mi<^h<Dt 
[0 0 3 7] m^zi%^m.m-^±<^m'^<DiiLmi^w.^. 

■§-ttLOG^m^ixfcf^x CPUS 2 3}Ctt*&$ix5„ 

^ T--^it)-r 5 1 i -r 5 o 

[0 0 3 8] ®^m-^C>*§i6{ie««JffiP,gB5>tcm-r 
v'3i^-^-i5'PGl. PG2Sr1IIWS--'fei^ilft®<0 
tv5„ :iOt^CPU 5 2 3fifB^±W-o<Dllj (RG 

1, RG2ir*g^) (o±h±i)'-'oiiLm^w.m-r^. 
[0 0 3 91 z^KX'om:fj\^<D^>y}}yi^^m^iG 

g-rSo teSSrf2ltL/cf^. CPUttfe{|iJcOiUcD3i:*,± 

— >3 >'-r-^RG3Sr«^?)-^»ilfe@WteSS-$ b 
70. 7 1 <D X 0 1 y ^ >-^<niS^i!)^^ 

[0 0 4 01 cpu(±f-^>^y 
PBiros^m-§-^®^;'*y 5 2 4(ciEit-r5o taitfi* 

[0 04 1] r r^T'COm-C, iil^^^y 5 2 4lC(i 

5c iifctccpus 2 3{±«ic7'i'>'3^co-y->'7°y ^-^x 
[@j*] >^L. i5gp«c*p. nmms(D^y^v y-^y" 

—■$'^D (n) tir^t. fc2)PtIiw^/Wp{c*D(1-'5M 
^x-^? I (p) {4. 
I (p) =D (L*p/P) 

04 (a) »±I (p) ?Sri/y7fc^Lfct><0-C 

[00421 Z<Dt^l (p) H^1f^1f L-Ctit)> r 



Is (p) = [ I (p-n)+I (p-(n-l)) 

+. . . + 1 (p-1) + 1 (p) + 1 (p + 1) 

+ . . . +1 (p+ (n-D) +1 (p + n) ]/ 
(2 n + 1) 

rrT% n= l~3@ST'fc2.o 

[0 0 4 31 'Aiz^ Is ( p ) (Dmmmc c i > (04 

(i) ^|5gli«iE*-7't L-CPgflMELUT (RA 

M) {c*&*^i-5o 
[0 0 4 4] Sfc. RAM(imi!?>d5^ixfci:#lCtf«;5S 

^^pH-C 5 ®-C% ^fflgttSRAMS 2 5{rtP^li 

ii^m&il^W-iiir^X CPU 5 2 3;4StT5o 
[0 0 4 5] 

[mil *^BJ<DH^Am;biSSc7)-||ia^j (r.r.T'(i 
[112] |il5©Bi^«iagB5 2;iS, |5gp*ijE;&-^?Sr^fe 
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fig urpgPttlE L U T 5 2 2 i:jf^fSt.ir^ * ■C-<?Dig@?rtji 

[04] (a) Ht^;^ hz-^iS'-i^c^ggSJ'JjllSttiiai 
(p) ^i^S:¥^»'^l:U^fti^Is (p) <^^JSr^-rill 

T'fc?). (b) fiis (p) ^m^mi^xnhti^^m^ 

IE - >^ to 5: ^ 1-0 -C 5 „ 
[0 5] 0 6O^B{ct3lt5Pi^ft-§-(D»itttS:tJiiq-r5 

[06] *^BJ{:i'»57=v'^/W^=?«<0«!ISrtg|5«fife(0 

[0 7] M^Aai;^ige{-i3{t5^^y:/^-v'3>'-^ 

[0 8] t^5l5ftW&IjiM-r?)fc*W0-efef9. (a) (± 
tie*©^;^ ^/^°^->'<O0lJSr^L. (b) 

[09] K/<:^-vSrfflv>fci&-^<DP«ia^<Sr 

tft?^i-5fci6<D0T?fe5„ 

100 -r;^ h^-^^— ^'j^'^y 

2 0 0 mUitit)^^ 

TP ii^LfcPgp<lrt)07^;^ h^-^iJ'-v ( h-i^^-?-;/ 
^) 

PGi~PG3 w-:^;^ h V'— >3 i^-r— ^ 
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